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8 S U P ’ E U E N A~~~ 9 O T E S

This report is the first in a series which wi l l  describe ongoir~ efforts to
include ship performance in ship operations decisions.

‘9 ~ E V WORDS Continue on re v .,, ,  , Id. if n.c,.. .n’ ,d clen ’ I t v  Os Of  numb.,

Seakeeping, Ship Performance , Attainable Speed , Hindcast Wave Spectra ,
Ship Routing, Ship Operations , Di rec t iona l  Wave Spect ra

20 .OSv p *c ’  ( nntifl up nn re’e,3. . Ida If n . r e a I• f l  and Id.ntrf ) I’, bl i nk  numb.,)

~ThIs report is the f i r s t  in a series that w ill consider the inclusion of
seakeeping in ship operations. The primary topic covered is the uti l ization of
known ship performance data in the process of making operationa l decisions.
State-of-the-art ship routing techni ques are described and suggestions for
improved routing techniques which reflect forecast wave conditions as well as
the response characteristics (attainable speed) of the ship are g iven. The
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ABSTRACT

This report Is the first in a series that will consider

the inclus ion of seakeeping in ship operations. The primary

topic covered Is the utilization of known ship performance

data in the process of mak ing operational decisions. State-
S of—the-art ship routing techniques are described and suggestions

for improved routing techni ques which reflect forecast wave

conditions as well as the response characteristics (attainable

speed) of the ship are given. The need for on-board seakeeping

guidance of the f l ee t  is  i l l u s tr a t e d  and It Is considered that

the ongoing cooperative efforts of the research , des i gn , and

operations communities can now provide such guidance .

ADMINISTRATIVE INFORMAT I ON

This report was prepared under the sponsorship of the Conventiona l

Ship Seakeeping Research and Development Program , funded under Project

Number 62543N and Block Number SF 43 421 202, and the Ship Performance and

Hyd romechanics Program , funded under Project Number 6251+3N and Block Number

S!_43 421 001. It is identified by the Work Unit Numbers 1-1504-100-1 1 and

1-1500- 100-42, respective l y, at the David W. Taylo r Nava l Shi p R&D Center

(DINSRDC).
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BACKGROUND

During the past few years there has been an increas ing amount of

dialogue between the naval research , des I gn , and operat ions corrm un ities .

Perhaps the most e n t h u s i a s t i c  d ia logue occurred at the Sea kee pinq Workshop

held at the United State.c Naval Academy in June 1975. The purpose of this

workshop was to prov ide gu idance In the fo rmu lat ion  of an R&D proqram to

develop and imp l ement the requ i red technology for a performance-oriented

seakeepi ng desig n practice for naval ships. The major findings and recoin- 
S

menda tions of this workshop are presented in reference 1. ’

The need for a continuing and produ ctive dialogue between researchers ,

desi gners , and operators is stressed in reference 1 , and thi s report sur-rar zes

the curren t joint efforts of the three qroups to address , and hopefully solve ,

F some of the rea l problems experienced by the fleet. The major item covered

here is the Inclusion of seakeeping in ship orerat Ions. Specifical l y , the

topics covered are the use of seakeep inc i In ship routing and the provision

of on—board sea keep inq  i n t e l l i g e n c e  to sh ip  ope ra to r s .

THE PROBLE N’

The behavior o~ a shi p at sea is dependent pri m arily on its dynam ic

responses to the waves it encount erc . The overall risslo n effectiveness of

the ship is dependent on this wave induced dyna mi c behavior as well as on

other enviro nmental factors such as atmospheric electromagnetic properties

which affect detection and defense systPns rel i ab i l i ty. Reference 2 provides

a discussion of typ ical problems encounter ed by the fleet due to at-sea

environment factors. The reference , a trip report by the Meteorolog ical

Officer of the now decomm issioned USS Oriskany (CVA-34), reveals that waves

(hei ght , period , direction) were the most i mportant factor affecting cru i se

planning and operations . The reference also reveals the great dearth of actua l

on—board knowled ge regarding the ship ’s behavior in waves—-though eventuall y

of course some knowledge was gained simply throug h the experience of riding

the ship.

A complete lis t of references is given on page 19.
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The reference elaborates on the d i f f i c u l t i e s  encountered In t r a n s i t i n g ,

(i.e., loss of speed), In underway replenishment, In aircraft operations ,

etc., all of which were due to the environment and inadequate knowledge of

I ts  poss ib le  e f f e c t s  on the ship performance. Procedures for fo recas t ing

the local weather and how it was used for planning tactical opera tions are S

discussed . It k made quite clear tha t the limited on-board intelligence in

the areas of ship behavior and local wave conditions could and did impa ct on

the planning of tactical maneuvers, transits , etc., that Improved knowledçe

In these areas could decrease the time spent in try ing to carry out such

operations , and thus improve overall mi ssion effectiveness. It is also

apparent that it may not be trivial to use existing, large scale weather

(including oceanographic) forecast ing programs available at Flee t Num erical

Weather Central (FNWC) for local opera tional purposes due to the wide grid

spacing inherent in the globa l proqran s and th~ sometimes slow (hours) turn-

around in communicat ions w ith FNWC .

The primary probl em which this report addresses is tha t of the effects

of wave environment on fleet operations as discussed and emphasized in reference

2. Specifically, the use of seakeeping in fleet operations is addressed ,

and some guidelines for providing seakeepin g knowledge for the planning of

tactical oper atio ns , ship routin g , etc. are g i ven . The report is not intended

as a final report on the subject arid attempts merely to discuss initial

progress that has been made and to identif y near future action items .

SOME SOLUT I ONS

A one day workshop in the use of seakeeping in ship operations was held

on 6 October 1976 at FNWC in Monterey , California. Participants in the workshop

included representatives of FNWC , Nava l Oceanographic R&D Activity (NORDA) ,

Nava l Environmental Prediction Research Fa cility (NEPRF) , Naval Ship Engineering

Center (NAVSEC), ~TNSRDC , and Webb Institute of Nava l Architecture. A list of

attendees is qiven in the Appendix . The workshop consisted of a series of

informa l presentations and discussions by various members of the group.

3
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The major topics of the day centered on the problem of prov iding on-

board quantitative guidance to the ship operator regarding the behavior of

the ship at speed in a seaway. This consisted of several major subtopics ,

including the use of predicted ship motions for forecasted wave conditions

as an aid to the ship router , the use of on-board motion measuring devices

as an aid to the ship operator in identif y ing increasing l y severe sea con-

ditions , and the use of previously generated or real time ship performance

(i.e., attainable speed operating envelopes) data as an aid in making

operator dec ision s such as heading and speed changes.

The purpose of this report is to surrw~,arize the major topics discussed

during the workshop and to list the recommendations and action items identi-

fied by the group.

WAVE DATA - FORECA ST

FNWC provides the U.S. Navy (and others) with forecasts of g lobal

weather patterns that are transmitted to four smaller nava l weather centrals

for refinemen t and transmission to the fleet. Four large-capacity d i gi ta l

computers are available at FNWC to rrov ide the required metero log ica l fore-

casts.

In addition , oceanographic data for the Northern Hemisphere in the form

of directional wave spectra are generated severa l times a day for up to 72

hours In the future . The spectra are forecast by the Spectral Ocean Wave

Model (SOWM), see reference 3, which is based primarily on the work of

Professor Willard J. Pierson . The most i mportant input to SOWM consists of

wind ve l ocity fields which are developed from as many as 11+00 separate dail y

data sources. The daily reported data from these 1400 stations consists of

at least wind direction and speed , sea leve l pressure , air and sea temperature ,

and wave hei ght. All but the wave/swell and sometimes the wind direction/speed

data are measured by standard instruments.

Other meteorolog ical prediction s are also made using an ANALOG system.

The ANALOG or “weather-typing ” system consists of matching present weathe r

‘4
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conditions with similar conditions which previousl y occurred In order to

forecast future weather conditions. Somewhat tedious and not truly accurate ,

the ANALOG model is more reliable in fall and winter than in spring and

sume r.

The Optimum Track Shi p Routing Group (OTSR) provides , on the basis of

the forecasted conditions , ship routing which Is available to all naval ship s

and selected comrnerc~ a1 car go carriers under con t rac t to Military Sea il f t

Command (MSC).’ Two criteria are currently used by OTSR to provide routing

guidance. The primary one is based on the optimum path work of Jame s , see

reference 1+ , and utilizes ship speed versus wave height as a function of ship

heading and ship type , see ~ ioure i adopted from reference 5 . The James

data is derived from -5 h i p  iogs and thus provides a combined voluntary/involuntary

speed loss cr iterio 5 . For each ship type . The James data appears in various

anal ytic mode ls , see refe rent’ 5, though unfortunatel y the data has not been

compiled for any naval combatants and no commercial ships desi gned and pu t

into operation since 1957.

The second criterion currentl y used !n shi p r o u t i n g  constrains ships

from operating in areas where sea con ditions exceed predetermined values. The

criterion is used as a supplement to James ’ s work , is based solel y on past years

of experience (to avoid damaqe), and is ad m ittedly conservative especially for

the newer , faster , l onger cor’rierciai carriers and nava l combatants. Fi gure 2 ,

adopted from reference 6, is Il l ustrative of this routing technique which

frequ ently uses a 12-foo t sio n i f i cant wave height constraint. The contours

are for significant wave h e iqh t and the shading indicates areas where the

forecasted si gnificant wave height exceeds 12 feet. Track A is the shortest

route , e.g., great-circle track between the two ports of New York and South—

hampton , Eng l and . Track B is the route , following the 12-foot wave hei ght

contour, that would be recommended by OTSR. Although the shortest distance

frack is Track A , ships proceeding along i t would encounter 28-foot waves.

“For example , nava l ships conducting trans-Atlantic transits in excess of
1500 miles during October to April must proceed at latitudes in the l ower
30’s unless an alternative route is provided by OTSR.
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This may necessitate severe reduction of speed In order to avoid severe

storm damage from green water and slamming (bow-to-head-seas) or a loss of

stability (beam-to-quartering-to-following-seas) could be experienced . Though

longer in dis tance , Track B could be transitted in less time than A with

li t t l e  likelihood of severe storm damage to eithe r the ship or cargo. All

ships , regardless of size , or type , would be routed along Track B. The success

of the routing techn i que is heavil y dependent on the assumption of the accuracy

of the wave contours. The assumption that a 12-foot significant wave heig ht

is the li m i t i n g  valu e at all relative ship headings for all shi p types may

severely penalize ships such as the more recent cargo carriers and naval

combatants which can transverse 12-foot seas reasonably comfortably.

The casualty reported In reference 7 indicates tha t at iea~ t one contribu-

ting cause of the disaster was FNWC ’ s in a b i l i t y  to predict the severe storms

which the ship encountered during 25 to 26 December 1969 in th~ North Pacific.

Traditionally, the wave he iqht contours of Fi gure 2 have been developed from charts

of predicted wi nd speeds and directions. Now , FNWC has the capabi l ity of

developing them from the forecast directional wave spectra provided by SOWM .

Reference 3 demonstrates FNWC ’ s improved abi i ity to forecast storm as well as

moderate sea conditions via SOWM. Ci-’u pi in ci these forecasts with a knowledQe

of the behavior of ir i dividua i sh i ps in waves si - ’ ila r to that developed by James

could poten t i a l l y provide a much more reali s t i c  basis on which to route ships.

This coupling could include the effects of wave period and wave d irection ,

identified to be as important as wave hei ght , on ship behavio r by reference 2.

Thus a consensus on what is now needed to enhance the use of SOWM in

ship operations (routing) is

1. further validation of the SOWM model ,

2. marriage of the model with a ship motion model which includes some

criter i a for predicting attainable speed envelopes and thus wi l l

provide more reliable and realistic routing guidance to the operators ,

e.g. , based on a knowledge of the dynamic behavior of the ship in

a seaway.

6
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One difficul ty to overcome In doing either of these is the fact tha t grid

poin ts for which spectral forecasts are made are up to about 190 nautical

miles apart . Thus , exac t comparisons of measured and forecast data w i l l  be

difficult to perform , except in specific areas and for ships equipped with S

instrumentation , and instead perhaps long -term trends or statistical dis-

tributions across trans i ts should be compared . Much of the rest of this

report is devoted to a discussion of the two requirements (validation of SOWM ,

marriage of SOWN with ship motions) described above.

SHIP MOTION DATA - PREDICTED

The state-of-the-art in ship notion predictions is summarized In reference

5. I t is now possible to join ue shi p m otion models with SOWN to predict

shi p motions in a directional seaway b’, techniques [for example integration

of the product of the ‘ avera-ied t requen cy and direction ’’ shi p response ampli-

tude operators (RAO s) and th e ~~~~~~~~~ cutn ~~t direc tional energy bandsj or i g i n a l l y

presen ted in reference 8. DTNSRDC can prov ide FNWC w ith the proper RAO data

bases for specified ship s such that on-line ship rn otion predictions using the

SOWM forecasts could be qenerat id for use in ship routing. F i gu re 3 , adopted

from reference 3, r ro v i- ~ -r. i y ri c a rJ ~ pu nf SflW ’~ or a qr i d point in the

North Pacific. The natrH of datu consists ~ f t5 e energy bands for wave

frequencies f from 0.39 to .164 herz~ and ~~r round-the--clock directions in

30—degree Incre m ent s. M~~tr ,c ,ss of avera oed response ampl i tude operators can

be generated in a s i m i l ~~r -~inne r such t h at the root mean square ship response

is calculabl e from the product of the two ~at rices.

In order to use suc h ~~~ mo~ ion di~ a f~~r routing, however , it is necessary

to establish some perfor~nancc cri ?~~r ia as a func tion of ship type that is

easil y used by OTSR. One such criter i on that is suqgested is the use of upper

bound shoring loads , as d’-~velope d in r- o ’errnce 5, to establish li mi t s  on ship

operat ions when cargo sliding  or free ‘au c tu at ions occur at various positions

*The current frequency ran ir iJs -:~ is from .039 to .308 herz. This corresponds to
the range of wave frequencies to which conv entional surface ships respond.
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in the ship. Though a usable criterion , this one may provide li m its that

are much too hi gh for say carqo ship operations because it was orI gInally

developed as a desi gn too l and the values produced may not be re f ined enough

for operational use.

The need for we ll-d e f~~ed speed li m I t i n g  criteria , for ex a r—pl. - those

limits that interfere with mission performance , is considered essential and

one such approach Is suggested . Figure 4, from reference 9, presents , as

a polar plot , the attainable shIp speeds as a functIon of ship headin g in order

for aircraft to be launched , recovered , and cycled be l ow deck. The pl ot ,

actually an operationa l envelope for a specified significant wave h ei l ht , (.i~~es

a quick view of the operating conditions (speed and heading comb i na tions)

which  w i l l  produce ship motions , e.g., roll , th at may lI m I t  aircra ~ r operation s .

Given tha t such speed-Induced notion l i m i t s are known , such graphs car’ be

constructed for various m issions (e.g., mobility, antisubmarine war fare , etc.)

and used as a guideline in eva l uations of performance effectiv eness.

Two uses of these plot s are i mm ediately obvious in the context of shi p

operations. The first is to develop as complete a data base as possible

of such graphs , called say an ADVISORY PACKAGE , for on-board use by the

ship operator. This package could be constructed for specified sea con-

ditions defined by theoretical wave spectra , and on ships equipped w ith

sufficient computer capacity , software could be developed to assist the ship

operator in accessing and interpreting the data throug h an in teractive graphics

d i sp lay .  Sh ips  with ample computer capacity, e.g., fla q sh i ps , cou l d access

S Tables of predicted ship responses for a wide range of ship speeds , ship head-
ings and sea conditions are provided In reference 5. Attempts to use these
types of tables , during full-scale trial s such as described in reference 10 ,
as a guide for making heading and speed changes such that aircraft could be
operated have not been entirely successful. This Is true for at least two
possible reasons. One , it is difficult to determine the ship speed , and twc
It is difficult to match the occur r ing  wave period and height to a theoretically
defined wave spectrum for which calculations have been done. Perhaps the use
of a more realistic wave spectral defini tion , together with some easil y used
interpolation schemes can improve this situation and be used with speed
limits to produce the polar p lots.
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their own data base of RAO ’ s , and , g iven the proper env i ronmental descr ip t ions
transmitted from FNWC , construc t theIr own rea l - t ime o perat ional enve l opes
for loca l conditions such as shown In Figure 4 based on the aforementioned

speed limits. The second use of this type of graph would be in conjunction

w i t h  SOWPI and for purposes of ship routing. ThIs technique could provIde a

way to provide tran sit rout ings based on either very hi gh or extreme ship

mot i on l evels or on motion levels that limit miss ions whIch the ship must

perform In transit. Thus , the use of attainable speed envelopes Is analogous

to the present use of the James Attainable Speed Curves. Likewise , if on-line

communicatIons between FNWC and naval ships can be improved (from the viewpoint

of turnaround time) , It would seem possible that FNWC could participate In

more local tactical routing by use of such graphs of attainable speed envelopes.

Here again though , a difficulty to overcome rests in the sometime s wide spacing

between grid points. A possible solution Is interpolation between existing

grid points , though In coastal areas this may not be sufficient l y accurate.

Another possibility is of course to Increase the number of grid points In

selected , strategicall y Important areas.

SHIP MOT iON DATA - MEA SURED

The Heavy Weather Damage Avo idance System (HWDAS) is currently being

used aboard the LASH ITAL IA under joint sponsorship of the Mariti me Adminis-

tration , the National Maritime Research Center , Prudential Lines , and Edo

Government Products Division . The LASH ITA L IA has now made several trans-

Atlantic crossings with the system which p rov i~des measures of bow accelerat ion s

and midship hull g i rder (long itudinal) strain in 15—minute intervals. The

measurements , provided on the bridge , are displayed in terms of percentage

Increase or decrease between the current time interva l and the prev i ous one.

Though there was , at least initi a l l y ,  some reluctance on the part of the shIp ’s

captain to consult it , the HWDAS has generall y demonstrated Its va l ue as an

on-board routing aid. Reference 1 1 provides further deta ils on the use made

of HWDAS during LASH ITAL IA transits.
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The use of HWDAS in con junct ion w i t h  the SOWM wave fo recas ts  lr’ ship

routing Is a t t r a c t i v e  from the v iewpo in t  of providing a validation of a

combined SOWM and ship riot leo model. For examp le , f u l l - s c ale  measurements

can be compared with ship motion predictions derived from SOWN wave spectra

and DTNSRDC ship response amplitude operators. Also attractive of course is

the fact that HWDAS provides the shi p ’ s operator with quantitative (percent

change) real—time seakeeping guidance or intelligence for his own operating

decisions.

The Installation of HWDAS on a ship frequentl y routed by OTSR at FNWC

would be desirab le. One such candidate Is a C-2 (FURMAN , C2 S AP3) which

frequently transits the Pa ci fic between the West Coast and the Philippines

under FNWC routing. An installation on this ship would permit FNWC one means

of validating the use of SOWN in rout ing. The cost of such an insta ’lat ion is

suggested to be at least $50,000 thoug h less than $100,000.

There is some question as to whether or not MWDAS is required to perform

th is  v a l i d a t i o n .  For example , ship-board instrumentation , for pu r poses of

develo ping long-term ship response distribut i ons , has been i n use for some

years on various commercial carriers. This ex tensive effort , under Shi p

St ruc tu res  Comri ttee sponsorshi p, may be just as useful in validation of SOWN .

Comparisons with ship responses predicted using wave hindcasts and measured

over a g iven transit could be made.

Work by othe r , e.g., non-Navy, groups should be examined for any overlaps

that may occur in the use of the spectral wave model. One such company,

OCEA NROUTES , provides forecasting of wave condi tions in both the North Sea

and the Gulf of Alaska for purposes of routin g of oil ri gs during mobilization

and towing of barges or offshore structures. The spectral model used is

apparently similar to SOWN though the grid spacing is reduced to 30 to 90

nautical miles. Further , dynamic vessel responses in spectral form are predicted ,

at least for the Gulf of Alaska model , and may be of interest for comparative

purposes. Reference 12 giv es more details on the OCEANRO IJTES model.
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CONCLUDI NG REMARKS AND ACTION ITEMS

The progress made to date in solving one operatIonal problem experienced

by the fleet has been discussed and a list of near-term action Items to carry

out possib le so lu t ions w I l l  be given. The problem in a nutshell , concerns
the dearth of seakee ping i n te l l i gence  available for making real-time naval

operational decisions. A knowledge of current environmental factors and their
effect on the dynamic behavior of ships is required for both planning and

carryIng out fleet operations. Selecting optimum routes for oceanIc transits ,

p lanning local tactica l operations , carry ing out underway replenis hments ,

completing successful aircraft operations , etc. could all be enhanced by

improved on-board seakeeping Intell ig ence. The following Items should be

acted upon as soon as possible in order to make any further progress In this

direction possible.

I. Determine means by which measured ship responses can be compared

to predicted ones using SOWN directional spectra. Select existing

measurements , such as thos€ collected for the Ship Structures

Comm ittee , or determine a procedure for obtaining them anew .

Installation of HWDAS is expensive (S5O ,000 - S loo ,000) and p rov i des

onl y certain ~nforrna t ion bu t it is thence permanentl y available on

the ship. A full-scale trial may be comparabl y priced as well as provide

a wider base of measured data , but the instruments are not permanently

installed , and thus permanent future seakeeping guidance to the ship ’s

operator is not prov ded. Validation may require data from a number

of at-sea periods , so the use of fairl y automated , unmanned instru-

ments may be desirable .

2. Assuming new measurements are required , provide prope r support

personnel , cognizant of all aspects of the objectives , to be

aboard the ship selected for the full-scale trials. A FNWC Navy

of f i cer  fam i l iar  w i t h  routing s t ra te g ies , etc .  may be idea l as wel l  as
cost effective. Additionall y, the ship selected should be one fami l iar
to OTSR personnel such as the Pac i f i c -based C-2 mentioned prev iously. S
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3. Determine suitable format for storing response amplItude operators

(RAO’ s) of specified ship for use with SOWN directiona l spectra . 
$

Develop appropriate data base of RAO’ s and establish response

sens Itivities to ship load conditions. Develop software requIred

to Imp l ement the procedure required to combine the RAO ’s, the SOWN

spectra , and speed limits to produce attainable speed envelopes.

4. Develop machine tools to be used by OTSR group to simulate ship

routlngs. One program to be developed should implement existin g

routing c r it e r ia such as the avoidance of seas w i t h  s Ign If i can t  wave

heights greater than 12 feet and the James speed reductIon curves .

A second program which contains criteria based on dynami c ship

motion limits such as for roil , pitch , slams per hour , car go loads ,

etc., should be developed in order to prepare attainable speed envelopes.

Determine , evaluate , and compare the effects of the various crite ria

on the ship routes se lected by the computer programs and the extreme
motIons therefore experienced by the ship.

5. i dentIfy, and where possible quantif y, appropriate ship motion limiting

criteria for use in operations planning, ship routing, attainable

speed envelo pes.

6. Develop ADV I SORY PACKAGE based on available ship mot i on limitin g

criteria for the ship to be Instrumented (if one is) and educate

shIp operator on its meaning and applicabil i ty to operations. Determ i ne

the usefulness of this type of seakeeping presentation by trying to

use It during any upcoming full- scale trIals. Modi fy the PACKAGE
format or contents to improve its generic and specific ship type

usefulness in flee t operations.

7. Eva l ua te the progress made by o the r , e.g. non-Navy groups , in

operationa l use of forecast directiona l spectra . Examine the effect

of finer spaced grid points on operational use of SOWN for both local

tactical and oceanic-transit routing.

8. Develop fund i ng and milestone schedule for program . Determine lead

code , agency for each task to insure a timely and orderly degree

of accomplishment.

12

.
- 

~~.. . 5.  ~p~
•7#~~~ ~~~~~ 

. 5 5  5~~~~~~~~ •

__________ SS __ 
~~~-- - 5 . - 5 - —- - - - S  55 ~~~~~~ -5--— —--— 5- - . - - k .~~~~.



- - .-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

The i tems listed above , not nece ssari ly in order of prefe rence , pro vide

a p re lim inary backbone for formulat ing a cohes ive pro gram for putt ing sea

keepIng In the ship ope rations proces s. It is ex pecte d tha t a great dea l .~f

benef i t to the fleet can be galned by a rel at i ve ly small but joint effo.~~

by the nava l agencies which part i c ipated in th i s workshc~p .~ 
Improve d shi p

routing and operat ional p la nni ng are , of cou rse , I mport ant to othe r than

naval combatants --in fact , it would appear tha t l n l t i a l  invest igatio n could

most easily be comp le ted for car go car ri ers. Thus 1 it is wo rt hwhil e to invi te

other group~s such as the Milita ry Seal i ft Command and the Marit ime Adm ln i st rat i~!i

to he lp formulate and support the req uired techn i ca l progr ams.
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APPENDIX
LIST OF ATTENDEES

Name Organization Telephone

1. A. E. Bai tis DTNSRDC 1568 202/227-1107

2. S. L. Bales DTNSRDC 1 568 202/227-1817

3. E. N. Comstock NAVSEC 6136 202/692-9250

1+. R. C. Corbei ll e FNWC 408/646-281+1+

5. W. E. Cumrnin s DTNSRDC 15 202/227~ 1578

6. J. Hayes FNWC A08/646-28l7

7. D. Hoffman Webb 516/671-2356

8. S. M. Lazanoff NORDA 1+08/646-2817

9. W. Reuter NAVSEC 6?20E 202/692-1899

10. N. II. Stevenson FNWC 408/646 281+4

11. LtCDR D. Sturr FNWC 408/646—2817

12. CDR J. B. Tupaz NEPRF 408/646-2906 
S

13. LLCDR C. Workman FNWC 408/61+6-2036
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DTNSRDC ISSUES THREE TYPES OF REPORTS

(1) DTNSRDC REPORTS, A FORMAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHNICA L VALUE , DESIGNATED BY A SERIAL REPORT NUMBER .

(2) DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES. RECORDING INFORMA
TION OF A PRELIMINARY OR TEMPORARY NATURE , OR OF LIMITED INTEREST OR
SIGNIFICANCE , CARRYING A DEPARTMENTAL ALPHANUMERIC IDENTIFICATION

(3) TECHNICAL MEMORANDA , AN INFORMAL SERIES , USUALLY I N T E R N A L
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS , NUMBERED AS TM SERIES
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